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a b s t r a c t
Australian coal mines currently use gas content to assess outburst risk. The gas content threshold values
for each mine are indirectly determined from measurement of gas volume liberated from 150 g coal sam-
ples during Q3 residual gas content testing. It has been more than twenty years since this method, known
as desorption rate index (DRI), was presented to the Australian coal industry, and in that time, there have
been significant changes in mining conditions and the outburst threshold limits used at the benchmark
Bulli seam mines. NSW Regulations list matters to be considered in developing control measures to man-
age the risk of gas outburst, and specifies that gas content, or DRI method, is used as the basis for deter-
mining outburst control zone. Whilst Queensland Regulations state that a coal or rock outburst is a high
potential incident, there is no guidance provided to assist mine operators to define outburst prone con-
ditions. A research project is planned at UOW to investigate the application of the DRI method and other
potentially significant factors, such as gas pressure, coal toughness and permeability, which can be uti-
lised by mine operators to assess outburst risk and determine appropriate outburst threshold limits
and controls.
 2017 Published by Elsevier B.V. on behalf of China University of Mining & Technology. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Following the introduction of outburst threshold limits in Bulli
seam mines in 1994, there was a significant decrease in the num-
ber of unexpected coal and gas outburst incidents. With the reduc-
tion in incidents, the attention of the mining industry has shifted
away from outburst. There has been a reduction in support to con-
duct research to investigate the factors that define outburst prone
coal and to develop new methods to identify and manage such
areas to minimise the risk to mine safety and productivity. Current
coal mining legislation in both Queensland and New South Wales
provide little guidance in determining appropriate outburst
threshold limits [1,2].
Various theories have been presented regarding the factors that
contribute to the occurrence of coal and gas outbursts. In 1995,
Ripu Lama listed the following factors as having the potential to
contribute to an outburst: (1) tensile strength of coal, (2) gas emis-
sion rate, (3) gas pressure gradient, (4) moisture level, and (5)
depth or stress level [3].
From studies conducted in the Bulli seam, Lama concluded that
stress does not play a significant role and it is gas which is the
major contributing factor to outburst occurrence. The use of gas
drainage to reduce the gas content of the coal seam to a value con-
sidered safe for mining has been uncritically accepted by the min-
ing industry. In the 20 years following the Bulli seam studies
conducted by Lama, an increasing number of Australian coal mines
has moved into areas with increased gas content and reduced per-
meability. The combination of these two factors tend to reduce the
efficiency and effectiveness of gas drainage at reducing the gas
content of the coal seam below previously defined outburst thresh-
old levels.
Given that underground coal mining operations are carried out
in coal seams that present a broad range of potential outburst fac-
tors, it is reasonable to question the validity of relying solely on the
desorption rate index (DRI) to be transferable between all Aus-
tralian coal seams and not consider other factors that may impact
outburst risk [4].
2. Background
In 1995, Lama presented details of gas content and gas
composition from nine separate locations in the Bulli seam where
http://dx.doi.org/10.1016/j.ijmst.2017.07.006
2095-2686/ 2017 Published by Elsevier B.V. on behalf of China University of Mining & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Address: Department of Civil, Mining and Environmental Engineering, Univer-
sity of Wollongong, Wollongong 2500, Australia.
E-mail address: dennis.black@pacificmgm.com
International Journal of Mining Science and Technology 27 (2017) 749–753
Contents lists available at ScienceDirect
International Journal of Mining Science and Technology
journal homepage: www.elsevier .com/locate / i jmst
outburst incidents had occurred [3]. Lama also proposed outburst
threshold limits, shown in Fig. 1, that he considered appropriate
to control outburst risk in the Bulli seam. In this example, provided
the gas content has been reduced below 9.5 m3/t in 100% CH4 rich
coal and 6.4 m3/t in 100% CO2 rich coal, Lama considered there to
be negligible risk of outburst regardless of mining rate and pres-
ence of geological structures. Lama also proposed two additional
threshold levels that allowed mining to continue at a limited
advance rate, capped at a maximum of 50 m per day, in areas with
and without geological structures.
A number of outburst events have occurred in Australian coal
seams in the years following the work completed by Lama. Details
of those outburst events will be collated by the author to produce
an outburst event database and reassess the threshold limits pro-
posed by Lama, shown in Fig. 1.
Following the last fatal outburst that occurred in Australia, at
Westcliff Colliery on 25th January 1994, a directive was issued to
all Bulli seam mine managers detailing actions to be implemented
to control the outburst risk [5]. The directive, issued by the Coal
Mining Inspectorate and Engineering Branch of the New South
Wales Department of Mineral Resources, included the prescribed
outburst threshold limits shown in Fig. 2, and these threshold limit
values were lower than the values recommended by Lama.
The introduction of the threshold limits resulted in a significant
increase in the intensity of drilling and gas drainage in these mines
for the purpose of structure identification and gas content reduc-
tion. Mine operators developed comprehensive outburst manage-
ment plans which included standard drilling patterns and routine
management controls to deal with the issue of gas content
reduction.
3. Desorption rate index
Williams and Weissman presented data from gas testing CH4
and CO2 rich coal samples from the Bulli seam that showed the
relationship between gas content and a newly defined desorption
rate index (DRI) value [6]. The data presented in Fig. 3 suggest an
approximately linear relationship exists between total measured
gas content (QM m3/t) and DRI and that the gas emission rate from
CO2 rich coal is greater than from CH4 rich coal.
The relationship between QM and DRI for CH4 and CO2 rich Bulli
seam coal samples, which was referred to as the Bulli seam bench-
mark, is represented by the following equations:
QM ¼ 0:01 DRI ðCH4 rich coal samplesÞ; and
QM ¼ 0:0067 DRI ðCO2 rich coal samplesÞ
Williams and Weismann recommended that the Bulli seam
benchmark and DRI provide a means of determining outburst
threshold limit values given the Bulli seam outburst threshold limit
values of 9.0 m3/t for CH4 rich coal and 6.0 m3/t for CO2 rich, when
applied to the Bulli seam benchmark, both corresponded to a DRI
value of 900, as shown in Fig. 4. Given the relationship indicated
in the Bulli seam, Williams and Weismann proposed that it would
also be appropriate to use DRI900 to determine outburst threshold
limits for other Australian coal seams.
It is now generally accepted that outburst threshold limits
applicable to Australian coal mines are determined through a pro-
cess of preparing a dataset of gas test results from the coal seam
and plotting the reported gas content (QM) and desorption rate
index (DRI) values, as shown in Fig. 5. Statistical analysis of the
dataset is used to calculate the standard deviation (SD) of the
QM values from the average of the dataset and a value of two
Fig. 1. Bulli seam outburst event details proposed outburst threshold limits.
Fig. 2. Bulli seam outburst threshold limits.
Fig. 3. Gas content and DRI relationship for CH4 and CO2 rich Bulli seam coal.
Fig. 4. Bulli seam benchmark and outburst threshold limits corresponding to
DRI900.
Fig. 5. Process of using DRI900 to determine the outburst threshold gas content
value.
750 D.J. Black / International Journal of Mining Science and Technology 27 (2017) 749–753
standard deviations is subtracted from the average. The outburst
threshold limit value for this dataset is the gas content value at
the point where the DRI value of 900 meets the (average minus
2  SD) line. Determining the outburst threshold in this way
means that at DRI900 there is only a 5% chance that the gas content
value, based on statistical analysis, could be less than defined out-
burst threshold gas content value.
Whilst statistical analysis has merit, and using a conservative
approach to determine outburst threshold limits may be appropri-
ate, it is concerning that the process is completely centred on
DRI900. It could be argued that the data used to establish the Bulli
seam benchmark was not subjected to statistical analysis and it
may be coincidence that the Bulli seam outburst threshold limit
values for CH4 and CO2 rich coal seam gas conditions happened
to align closely with the average of the two datasets. Would it be
more appropriate to use the gas content value that corresponds
to the average of the non-Bulli seam QM-DRI dataset? It could also
be argued that further investigation is required to determine
whether DRI is actually an appropriate tool to rank outburst risk
and if so, whether the DRI900 is an appropriate basis for determin-
ing outburst threshold gas content values.
While specific details of the procedure and calculations used to
determine the DRI value reported in gas test reports have not been
reported, Williams did report that DRI is determined by measuring
the volume of gas emitted from a 200 g sample of coal after crush-
ing for 30 s and relating the result to the total gas content of the
sample [7]. Williams presented the gas content–desorption rate
graph (Fig. 6) to describe the method used to determine DRI. Fol-
lowing the initial work to develop a procedure to determine DRI,
the mass of the coal sample used in the Q3 crush test has been
reduced from 200 to 150 g and it is understood that an additional
correction factor was applied to the DRI calculation.
Analysis of gas emission data collected during gas content test-
ing of a number of coal samples, using the quick crush method
described in AS3980 [8], has found that the DRI value for a coal
samples is governed by two variables: (1) volume of gas emitted
from a coal sample after crushing for 30 s during the Q3 crushing
stage of gas content testing (Q330s); and (2) the proportion of total
gas content released during the Q3 crushing stage of gas content
testing (Q3/QM).
A standard correction factor is also applied to account for the
fact that the standard sample mass used during Q3 crush testing
has been reduced to 150 g, which is less than the 200 g sample
mass that was the standard when the Bulli seam benchmark was
determined.
Fig. 7 shows the results of DRI values calculated using raw gas
emission data compared to the DRI values reported in gas content
test reports for 34 separate coal samples. Whilst the results are
similar, the calculated DRI values are consistently less than the
reported values, which suggests additional adjustment factors are
applied to the gas emission data to produce the reported DRI
values.
Figs. 8 and 9 each compare gas emission data from two coal
samples and highlights the impact of the Q330s volume, and
Q3/QM, on the reported DRI value.
Fig. 8 shows the first coal sample, with QM = 8.7 m3/t, has a
reported DRI of 822 and the second coal sample, with
QM = 8.1 m3/t, has a reported DRI of 1119. The reason for the sec-
ond sample having the higher DRI value is due to the fact that the
second sample recorded a higher gas volume released during the
first 30 s of crushing (404 mL compared to 325 mL), and the pro-
portion of gas released during Q3 stage of the gas content test
was less (0.52 compared to 0.56).
Fig. 9 shows the first coal sample, with QM = 6.7 m3/t, has a
reported DRI of 669 and the second coal sample, with
QM = 6.8 m3/t, has a reported DRI of 958. The reason for the second
sample having the higher DRI value is due to the fact that the sec-
ond sample recorded a significantly higher gas volume released
during the first 30 s of crushing (531 mL compared to 284 mL),
and the proportion of gas released during Q3 stage of the gas con-
tent test, whilst higher than the first sample (0.79 compared to
0.60), does not significantly reduce the impact that a high Q3
(30 s) volume has on producing a high DRI value.
Analysis of reported QM and DRI data from several Australian
coal seams has indicated the relationship between QM and DRI
may not be linear, as shown by the difference between the linear
and non-linear trend lines presented in Fig. 10. It is reasonable to
accept that the relationship may be non-linear as the Q3/QM ratio
tends to decrease in response to increasing QM as the Q1, and par-
ticularly the Q2, gas content components increase.
4. Bulli seam outburst threshold limits
In addition to investigating the Bulli seam benchmark and DRI
to confirm whether they are in fact a valid basis for determining
outburst thresholds in Australian coal seams, the impact of
changes made to the Bulli seam outburst threshold limit values
must also be investigated.
Tahmoor and Westcliff were the first mines to review outburst
threshold limits and introduce additional controls to support rais-
ing their respective outburst threshold limits. Fig. 11 shows the
range of the increase in outburst threshold limits at both Tahmoor
and Westcliff [9]. In areas where the gas content falls within the
shaded zone in Fig. 11, mining may continue provided additional
control actions are in place, which may include (1) increased dril-
ling to identify geological structure that may represent an
increased outburst risk, (2) increased core sample collection and
gas content testing to identify any rapid change in gas content or
gas composition that may indicate an increased outburst risk,
and (3) restricted mining rate to provide more time to allow gas
content and gas pressure contained within the coal seam, in close
proximity to the working face, to dissipate. It is very interesting to
Fig. 6. Approach to determining DRI from gas emission measurement during coal
crushing [7].
Fig. 7. Summary of gas content test results comparing Calculated and Reported DRI
values.
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note that the three outburst threshold limits used at Tahmoor are
the same as the threshold limits originally proposed by Lama, as
presented in Fig. 1.
If the proposed investigations into the Bulli seam benchmark
and the use of DRI confirm this to be a valid and appropriate
method for determining outburst threshold limits for all Australian
coal seams, then the impact of introducing increased outburst
thresholds in Bulli seam mines must also be considered. Applying
the Level 2 outburst threshold values of 12.0 m3/t for CH4 rich con-
ditions and 8.0 m3/t for CO2 rich conditions to the Bulli seam
benchmark correspond to a common DRI value of 1200, as shown
in Fig. 12.
Given the broad range of conditions encountered in Australian
underground coal mines, the impact that other factors may have
on outburst risk, in addition to gas content and composition,
should be considered. Additional factors that may affect outburst
risk, including gas pressure, coal strength and toughness, horizon-
tal and vertical stress, permeability, and moisture content.
5. Conclusions
The background and use of DRI900 as a method to define out-
burst threshold gas content values for Australian coal seams has
been presented and discussed. Significant developments have
Fig. 8. Comparison of gas emission data used to determine DRI values for coal samples with similar QM gas content.
Fig. 9. Comparison of gas emission data used to determine DRI values for coal samples with similar QM gas content.
Fig. 10. QM and DRI data indicating the difference between linear and non-linear
trend lines.
Fig. 11. Increased outburst threshold limits introduced at the Tahmoor and
Westcliff mines.
Fig. 12. Increased outburst threshold limits applied to the Bulli seam benchmark
correspond to DRI1200.
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occurred in the years following the introduction of the DRI900
approach, the most significant being the introduction of increased
outburst threshold limits in Bulli seam mines. The conditions in
many active coal seam sections have changed over the past
20 years, with many experiencing increased gas content, increased
stress and reduced permeability.
Given the changes that have occurred in mining conditions it is
considered appropriate to review the methods and procedures
used to determine outburst thresholds to confirm whether they
remain appropriate and valid for continued use in current condi-
tions. The proposed investigation will consider the following:
(1) Calculation of the desorption rate index and its application
to assessing outburst risk and propensity;
(2) Potential changes to the Bulli seam benchmark relationships
for CH4 and CO2 rich coal and the potential change to the DRI
value used in determining the outburst threshold limits in
non-Bulli seam mines;
(3) Potential for the QM-DRI relationship to be non-linear and
the effect that such a change would have on determining
outburst threshold limit values;
(4) Transferability of increased Bulli seam outburst threshold
limits to non-Bulli seam mines; and
(5) Consideration of the significance and relevance of other fac-
tors in assessing outburst risk, establishing threshold limits,
implementing controls to reduce risk, and monitoring to
confirm an area is safe to mine with negligible outburst risk.
References
[1] Queensland Regulations. Coal mining safety and health regulation; 2001.
[2] NSW Regulations. Work health and safety (mines and petroleum sites)
regulation; 2014.
[3] Lama RD. Safe gas content threshold value for safety against outbursts in the
mining of the Bulli seam. In: Proceedings of international symposium cum
workshop on management and control of high gas emissions and outbursts in
underground coal mines. Wollongong, Australia. p. 175–89.
[4] Black DJ, Aziz NI, Jurak MJ, Florentin RMM. Outburst threshold limits–are they
appropriate. In: Proceedings of the 9th australasian coal operator’s conference
COAL2009. Wollongong: Australasian Institute of Mining and Metallurgy; 2009.
p. 185–92.
[5] Clarke M. Notice pursuant to section 63 coal mines regulation act 1982. New
South Wales Department of Mineral Resources-Coal Mining Inspectorate and
Engineering Branch; 1994.
[6] Williams R, Weissman J. Gas emission and outburst assessment in mixed CO2
and CH4 environments. In: Proceeding of ACIRL seminar-prosperity with safety
in a hostile environment. Brisbane: University of New South Wales, Sydney;
1995. p. 1–13.
[7] Williams RJ. Definition of outburst threshold limits from core testing. In:
Proceeding of the symposium on safety in mining-role of geology. Coalfield
geology council of NSW, Newcastle.
[8] AS3980. Guide to the determination of gas content of coal–direct desorption
method. Standards Association of Australia; 1999.
[9] Black DJ, Aziz NI. Outburst threshold limits –current research outcomes. In:
Proceedings of the 10th underground coal operator’s conference
COAL2010.. Wollongong, New South Wales, Australia: University of
Wollongong; 2010. p. 203–9.
D.J. Black / International Journal of Mining Science and Technology 27 (2017) 749–753 753
